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DESCRIPTION 

COMPOSITE REVERSE OSMOSIS MEMBRANE AND METHOD OF 
PRODUCING THE SAME 

5 

TECHNICAL FIELD 

The present invention relates to a composite reverse osmosis 

membrane for selectively separating components in a liquid mixture, and a 

method of producing the membrane. More specifically, the present invention 
10 relates to a composite reverse osmosis membrane having a porous support on 

which a polyamide skin layer mainly comprising polyamide is formed to 

provide both high salt rejection and high permeability, and a method of 

producing the same. 

Such a composite reverse osmosis membrane can be used for many 
15 purposes, including the manufacture of ultra-pure water and the desahnation 

of sea water or brackish water. This membrane also can be used to remove 

contamination from a sotirce or withdraw purified materials from 

contaminated dyeing waste or electrochemical deposition coating waste. 

Such wastes may cause pollution. Thus the present invention will clean 
20 contaminated water to be reused. The membrane of the present invention 

also can be used for other purposes like condensing effective components for 

food. 

BACKGROUND ART 

25 Conventionally, composite reverse osmosis membranes have been 

known as reverse osmosis membranes which differ in structure fi-om 
asymmetric reverse osmosis membranes. Such composite reverse osmosis 
membranes are produced by forming active thin films (skin layers) which 
possess the ability to selectively separate materials, on porous supports. 

30 AppHcations disclose membranes comprising polyamide obtainable by 

interfacial polymerization between polyfunctional aromatic amines and 
polyfunctional aromatic acid halide compounds formed on porous supports. 
The examples of such appHcations are, JP-A-(Unexamined Pubhshed 
Japanese Patent Apphcation) 55-147106, JP-A-62-121603, JP-A-63-2 18208, 

35 and JP-A-2-187135. Other prior art references disclose composite reverse 

osmosis membranes wherein skin layers comprising polyamide are formed on 
porous supports, and the polyamide is obtained by an interfacial 




1 




polymeriza.tion of a polyfunctional aromatic amine and a polyfunctional 
alicyclic acid halide compound (cf. JP-A-61-42308). 

The composite reverse osmosis membranes described above have a 
high desalination property and a high water permeabUity, but it is desirable to 
5 improve the water permeabihty while keeping the high desalination property 
from the standpoint of the efficiency and so on. For these requirements, 
various kinds of additives are proposed e.g., in JP-A-63-12310. However, in 
the conventional composite reverse osmosis membranes, the improvement of 
the properties of the composite reverse osmosis membranes are still 
10 insufficient. 

JP-A-63-178805 discloses a method of forming a membrane in a two- 
stage reaction. In this method, a pol3rfunctional reaction reagent of a low 
concentration is added in the second stage. A composite reverse osmosis 
membrane obtained in this method is improved sUghtly in the salt rejection, 
15 but the permeation speed is lowered instead. This method cannot provide a 
composite reverse osmosis membrane to conform to the requirements. 

The present invention aims to provide a composite reverse osmosis 
membrane having a high salt rejection and high water permeabihty, and a 
method of producing the same. 

20 

DISCLOSURE OF THE INVENTION 

In order to accomphsh these objects, a composite reverse osmosis 
membrane of the present invention comprises a polyamide skin layer formed 
on a porous support, and the contact angle between the polyamide skin layer 

25 surface and water is defined not to exceed 45°. 

When the contact angle is no more than 45°, a high salt rejection is 
maintained, a flux is improved and thus, the membrane has excellent water 
permeabihty. The contact angle is preferably 40° or less. 

In the present invention, the contact angle is measured in the 

30 following manner. First, the polyamide skin layer surface is cleansed and 
dried. Then, pure water is dropped on the surface in order to measure the 
angle (the internal angle of the water drop) formed by the water drop and the 
polyamide skin layer. The angle is measured preferably about 15 seconds 
after the dropping of the water. 

35 The composite reverse osmosis membrane preferably includes a 

polyamide skin layer formed by a reaction of one or more compounds having 
at least two reactive amino groups and one or more polyfunctional acid hahde 
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compounds having at least two reactive acid halide groups. 

Preferably, the composite reverse osmosis membrane provides a salt 
rejection of at least 98% and a permeate flow rate of at least O.Sm^/m^'day 
when evaluated by using feed water having pH 6.5 containing 0.05 weight % 
5 of salt at an operation pressure of 5kg£^cm^ and a temperature of 25°C. If the 
salt rejection and the permeate flow rate are within these ranges, ions can be 
removed if an actual operation pressure is low as Skgfcm^ or less, for example, 
about Skgf'cm^. Therefore, facilities comprising the composite reverse 
osmosis membranes can be bviilt by using pipes made of inexpensive materials 

10 such as polyvinyl chloride. This offers a significant cost advantage. The 
composite reverse osmosis membrane can be used at city water level 
pressures. Preferably, the salt rejection is at least 98%, the permeate flow 
rate is at least 0.6m^/m^- day under the above-identified condition. Most 
preferable is if the salt rejection is at least 99% and the permeate flow rate is 

15 at least 0. 7m^/m^ • day. 

A method of producing a composite reverse osmosis membrane of the 
present invention includes the steps of: 

forming a layer by coating on a porous support a solution A 
comprising one or more compounds having at least two reactive amino groups; 

20 contacting this layer with a solution B comprising one or more 

polyfunctionsd acid haUde compoimds; and 

further contacting the layer with another solution C 
comprising one or more polyfunctional acid hafide compounds of a 
concentration higher than the solution B in order to form a polyamide skin 

25 layer on the porous support. 

The above-identified composite reverse osmosis membrane can be 
produced in this method. 

The composite reverse osmosis membrane of the present invention is 
preferably produced in this method, but it is not hmited thereto. 

30 In the producing method, preferably, the concentration of the 

polyfunctional acid hahde compound in the solution C is at least 1.2 times of 
the polyfunctional acid hahde compound in the solution B. More specifically, 
the difference in the concentration ranges fi-om 1.3 times to 5000 times. 
When the concentration of the solution C is less than 1.2 times of the solution 

35 C, the obtained composite reverse osmosis membrane may not have a high 
salt rejection or a high permeate flow rate. On the other hand, when the 
concentration of the solution C exceeds 5000 times of the solution B, the 
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properties cannot be improved to match with the difference, and it causes 
disadvantages in costs and efficiency. The standard of the concentration is 
not specifically limited, but it can be, for example, based on weight. 

Preferably in the producing method, solution B remains partially 
5 unreacted at a contact with the solution C. 

The remaining solution B can be observed visually after a contact 
with the solution C. A composite reverse osmosis membrane having a high 
salt rejection and a high permeate flow rate can be obtained even if the 
solution B does not remain. However, the properties of the composite reverse 

10 osmosis membrane can be improved if some solution B remains. 

In the present invention, the compound included in the solution A 
preferably has at least two amino groups and the compound is at least one 
selected fcom the group consisting of aromatic polyfunctional amine, ahphatic 
polyfunctional amine and ahcychc polyfunctional amine. 

15 A preferable aromatic polyfunctional amine is selected fi:om the group 

consisting of m-phenylenediamine, p-phenylenediamine, 1,3,5- 
triaminobenzene, 1,2,4, -triaminobenzene, 3,5-diamino benzoic acid, 2,4- 
diaminotoluene, 2,4-diaminoanisole, amidol, and xylenediamine. These 
amines can be used either alone or as mixtures thereof. 

20 A preferable ahphatic poljrfunctional amine is selected fi"om the group 

consisting of ethylenediamine, propylenediamine, and 
tris(2-aminoethyl)amine. These amines can be used either alone or as 
mixtures thereof. 

A preferable alicychc polyfunctional amine is selected fi-om the group 
25 consisting of 1,3-diaminocyclohexane, 1,2-diaminocyclohexane, 1,4- 
diaminocyclohexane, piperazine, 2,5-dimethylpiperazine, and 4- 
aminomethylpiperazine. These amines can be used either alone or as 
mixtures thereof. 

The polj^nctional hahde compound included in the solution B or C is 
30 preferably at least one selected fi:om the group consisting of aromatic 

polyfunctional acid haUde compoimd, ahphatic polyfunctional acid hahde 
compound and ahcychc polyfunctional acid hsJide compoimd. 

Preferably, the aromatic pol5^nctional acid hahde compound is 
selected from the group consisting of trimesic acid chloride, terephthahc acid 
35 chloride, isophthahc acid chloride, biphenyldicarboxyhc acid chloride, 

naphthalenedicarboxyhc acid dichloride, benzene trisulfonic acid chloride, 
benzene disulfonic acid chloride, and chlorosulfonium benzene dicarboxyhc 
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acid chloride. These compounds can be used either alone or as mixtures 
thereof. 

Preferably, the ahphatic polyfunctional acid hahde compoimd is 
selected from the group consisting of propanetricarboxyhc acid chloride, 
5 butanetricarboxyhc acid chloride, pentanetricarboxyhc acid chloride, glutaryl 
hahde, and adipoyl hahde. These compounds can be used either alone or as 
mixtures thereof. 

Preferably, the ahcychc polj^nctional acid hahde compound is 
selected from the group consisting of cyclopropanetricarbox^hc acid chloride, 

10 cyclobutanetetracarboxyhc acid chloride, cyclopentanetricarboxyUc acid 

chloride, cyclopentanetetracarboxyhc acid chloride, cyclohexanetricarboxyhc 
acid chloride, tetrahydrofurantetracarboxyhc acid chloride, 
cyclopentanedicarboxyhc acid chloride, cyclobutanedicarboxyhc acid chloride, 
cyclohexanedicarboxyhc acid chloride, and tetrahydrofurandicarboxyhc acid 

15 chloride. These compounds can be used either alone or as mixtures thereof. 

Preferably in the present invention, a polyfunctional acid hahde 
compound included in at least either the solution B or C has a hydrophihc 
group. The hydrophihc group is preferably at least one selected from the 
group consistmg of-COOX, -OH, -SO3X, -OSO3X, -NH2, -NR^Y and 

20 -(OCH2CH2)-. 'X' indicates a hydrogen atom, an alkahne metal or -NH4. 
'R' indicates a hydrogen atom or an alkyl group, and T indicates a halogen. 
Specific examples of these hydrophihc groups include a carboxyl group, a 
hydroxyl group, a sulfonic group, and an amino group. Among them, a 
carboxyl group, a sulfonic group, and an amino group are preferred. 

25 Preferably in the method of the invention, the porous support 

provided with the layer is further contacted with at least either an acidic 
aqueous solution or an alkaline aqueous solution after the contact with the 
solution C. The acidic aqueous solution preferably has a pH ranging from 1 
to 5 and it contains acidic materials such as phosphoric acid, hydrochloric acid, 

30 sulfuric acid and nitric acid. The alkahne aqueous solution has a pH ranging 
from 8 to 13, and it contains alkahne materials such as sodivun hydroxide. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention wOl be farther explained below. 
35 A compound included in the solution A has at least two reactive amino 

groups. This compound is not specifically limited but any of the above- 
mentioned compounds can be used. The solution A is typically an aqueous 
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solution. 

The solution A can contain an ingredient(s) besides the amine 
ingredient. For example, to facilitate formation of a membrane or to improve 
the properties of the obtained composite reverse osmosis membrane, small 
5 amounts of polymers such as polyvinyl alcohol, polyvinyl pyrrohdone and 
polyacryUc acid, or small amounts of polyhydric alcohols such as sorbitol and 
glycerol, can be added. 

The solution A preferably includes salts, such as amine salts disclosed 
in JP-A-2- 187135. Most preferable are salts comprising organic acids and 
10 tetraalkyl ammonium hahde or trialkyl amine. These amine salts improve 
the absorptivity of the solution A in the support and help promote the reaction 
by facihtating formation of the membrane. 

The solution A can contain a surfactant(s) such as sodium 
dodecylbenzenesulfonate, sodium dodecyl sulfate, and sodium lauryl sulfate. 
15 These surfactants are effective in improving the absorption of the solution A 
onto the porous support. 

In the present invention, the material disclosed in JP-A-8-224452, 
whose solubihty parameter ranges from 8 to 14 (cal/cm^)^, can be included in 
the solution A or in the reactants of the solutions A, B and C, so that the flux 
20 will be further improved. 

The solubihty parameter is the amount defined by (AHTV)^ 
(cal/cm^^'^ when the molar heat of vaporization of a hquid is AHcal/mol, and 
the molar volimie is V cm^/mol. 

Materials having the above solubihty parameter include, for example, 
25 alcohols, ethers, ketones, esters, halogenated hydrocarbons, and sulfur- 
containing compounds. 

The alcohols include, for example, ethanol, propanol, butanol, butyl 
alcohol, 1-pentanol, 2-pentanol, t-amyl alcohol, isoamyl alcohol, isobutyl 
alcohol, isopropyl alcohol, undecanol, 2-ethyl butanol, 2-ethyl hexanol, octanol, 
30 cyclohexanol, tetrahydro furfuryl alcohol, neopentyl glycol, t-butanol, benzyl 
alcohol, 4-methyl-2-pentanol, 3-methyl-2-butanol, pentyl alcohol, allyl alcohol, 
ethylene glycol, diethylene glycol, triethylene glycol, and tetraethylene glycol. 

The ethers include, for example, anisole, ethyl isoamyl ether, ethyl-t- 
butyl ether, ethylbenayl ether, crown ether, cresyl methyl ether, diisoamyl 
35 ether, diisopropyl ether, diethyl ether, dioxane, diglycidyl ether, cineol, 

diphenyl ether, dibutyl ether, dipropyl ether, dibenzyl ether, dimethyl ether, 
tetrahydropyran, tetrahydrofuran, trioxane, dichloroethyl ether, butyl phenyl 
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ether, furan, methyl-t-butyl ether, monodichlorodiethyl ether, ethylene glycol 
dimethyl ether, ethylene glycol diethyl ether, ethylene glycol dibutyl ether, 
ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene 
glycol monobutyl ether, diethylene glycol dimethyl ether, diethylene glycol 
5 diethyl ether, diethylene glycol dibutyl ether, diethylene glycol monomethyl 
ether, diethylene glycol monoethyl ether, diethylene glycol monobutyl ether, 
and diethylene chlorohydrin. 

The ketones include, for example, ethyl butyl ketone, diacetone 
alcohol, diisobutyl ketone, cyclohexanone, 2-heptanone, methyl isobutyl 
10 ketone, methyl ethyl ketone, and methyl cyclohexane. 

The esters include, for example, methyl formate, ethyl formate, propyl 
formate, butyl formate, isobutyl formate, isoamyl formate, methyl acetate, 
ethyl acetate, propyl acetate, butyl acetate, isobutyl acetate, and amyl acetate. 

The halogenated hydrocarbons include, for example, allyl chloride, 
15 amyl chloride, dichloromethane, and dichloroethane. 

The sulfur-containing compounds include, for example, dimethyl 
sulfoxide, sulfolane, and thiolane. 

Among these compounds, alcohols and ethers are especially preferable. 
These compounds can be used either alone or as mixtures thereof. 
20 Furthermore, for accelerating the polycondensation reaction at the 

interface, it is effective to use sodium hydroxide or sodium tertiary phosphate 
in the solution A, which is capable of removing a hydrogen haUde formed 
during the interfacial reaction or to use an acylation catalyst. 

Examples of solvents that are preferably used in the solutions B and 
25 C include organic solvents immiscible with water. Among the solvents, for 
example, hydrocarbons (e.g., hexane, heptane, octane, nonane, decane, and 
cyclohexane) and halogenated hydrocarbons (e.g., carbon tetrachloride, 
trichlorotrifluoroe thane, and difluorotetrachloroethane) are especially 
preferred. 

30 Polyfunctional acid hahde compounds included in the solutions B and 

C are not specifically hmited to the above-identified compounds. 

In the present invention, the compound having at least two amino 
groups and the polyfunctional acid halide compoimd are interfacially 
polymerized to form a thin film mainly comprising polyamide (i.e., a 
35 polyamide skin layer) on a porous support. 

For the solutions A, B and C, concentrations of the compound having 
at least two amino groups and of the pol5^nctional acid hahde compound are 
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not specifically limited as long as the concentration ratio of the polyfunctional 
acid halide in the solution B to that in the solution C is in the predetermined 
range. Typical concentration of the polyfunctional acid hahde compound in 
the solution B ranges from 0.01 to 5 weight %, or preferably, fi-om 0.05 to 1 
5 weight %. Typical concentration of the polyfunctional acid hahde compound 
in the solution C ranges fi-om 0.02 to 50 weight %, or preferably, fi-om 0.06 to 
20 weight %. Typical concentration of the compound having at least two 
amino groups ranges fi^om 0.1 to 10 weight %, or preferably, fi:om 0.5 to 5 
weight %. 

10 The porous support in the present invention is not specifically hmited 

as long as it can support the polyamide skin layer. The support can be made 
of various materials, for example, polysulfone, polyarylethersulfone such as 
polyethersulfone, poljdmide, and polyvinyhdene fluoride. Among them, a 
porous support film made of polysulfone or polyarylethersulfone is especially 

15 preferred because of the chemical, mechanical and thermal stabiHty. 

The porous support film is typically about 25-125 fi m thick, preferably 
about 40-75 // m thick, but the thickness is not limited thereto. 

A composite reverse osmosis membrane of the present invention is 
produced firom the above -identified materials in the following manner. First, 

20 the solution A comprising one or more compounds having at least two amino 
groups is coated on the porous support so as to form a first layer. On the first 
layer, the solution B comprising one or more polyfunctional acid hahde 
compounds is coated and subsequently, the solution C is coated thereon. The 
coated support is heated and dried at about 20 to 150°C in general, preferably 

25 at about 70 to 130*'C for about 1 to 10 minutes, preferably for about 2 to 8 

minutes, and thus, a polyamide-based water-permeable thin film (polyamide 
skin layer) is formed. This thin film is tj^picaUy about 0.02 to 2 iU m in 
thickness, preferably about 0.1 to 1.0 ai m in thickness. This polyamide skin 
layer t5rpically has internal crosshnking. 

30 In the method of producing a composite reverse osmosis membrane of 

the present invention, as disclosed in Pubhshed Examined Japanese Patent 
Apphcation No. 63-36803, the obtained composite reverse osmosis membrane 
can be further chlorinated with hypochlorous acid or the hke to improve the 
salt rejection property. 

35 Examples and Comparative Examples are explained below. 

Example 1 

A solution A was prepared as an aqueous solution containing 2.0 
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weight % of m-phenylenediamine, 0.15 weight % of sodium lainyl sulfate, 2.0 
weight % of triethylamine, 4.0 weight % of camphorsulfonic acid, and 8 
weight % of isopropyl alcohol. The solution A was contacted with a porous 
polysulfone support film, and extra solution was removed. And thus, a film 
5 of the solution A was formed on the support film. 

Subsequently, an isooctane solution containing 0.12 weight % of 
trimesic acid chloride (solution B) was contacted with the support film surface. 
Before the solution B dried, a solution C, which was an isooctane solution 
containing 0.5 weight % of trimesic acid chloride was contacted with the layer. 

10 The reaction mixture was kept in a 120°C hot air dryer for three minutes in 
order to form a polyamide skin layer thereon, and thus, a composite reverse 
osmosis membrane was obtained. 

The properties of the composite reverse osmosis membrane was 
evaluated using pH 6.5 sahne water containing 500ppm of sodiimi chloride. 

15 When the operation pressure was 5kg£'cm^, the salt rejection was 99.5% and 
the flux was l.lm^/m^-day in terms of permeate conductivity. 

The obtained composite reverse osmosis membrane was dried for one 
hour at 60°C. Distilled water was dropped on the film surface (polyamide 
skin layer surface) and the contact angle was measured 15 seconds later. 

20 The contact angle was 39°. 

Examples 2. 3 and Comparative Examples 1. 2 

Composite reverse osmosis membranes were obtained in the same 
manner as Example 1 except that the concentration of the trimesic acid 
chloride in the solution C was varied. Properties of these membranes were 

25 evaluated in the same manner as Example 1. The results are shown in the 
following Table 1. 
Example 4 

A composite reverse osmosis membrane was obtained in the same 
manner as Example 1 except that the support film was contacted with the 
30 solution C after the solution B was dried visually. Properties of the 

membrane were evaluated in the same manner as Example 1. The results 
are shown in the following Table 1. 
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Table 1 





*I 


Salt rejection 


Flux 


Water contact 




(wt%) 


(%) 


(m^/m^-day) 


angle (° ) 


Example 2 


0.25 


99.5 


0.9 


29 


Example 3 


1.0 


99.5 


1.0 


32 


Example 4 


0.50 


99.5 


0.8 


39 


Com. Ex. 1 


0.00 


93 


0.7 


51 


Com. Ex. 2 


0.12 


97 


0.7 


47 



*I: concentration of polyfUnctional acid haHde compound in solution C 

5 

As described above, for the composite reverse osmosis membranes of 
the present invention, the water contact angle is 45° or less, and the 
concentration of the trimesic acid chloride in the solution C is higher (at least 
1.2 times) than that of the solution B. As shown in Table 1, the composite 

10 reverse osmosis membranes in the Examples have a high flux and a high salt 
rejection, so they are excellent composite reverse osmosis membranes. These 
properties are highest for the membranes in the Examples 1, 2 and 3, where 
the solution C was contacted while the solution B was not dried yet. 

On the other hand, the composite reverse osmosis membranes of the 

15 Comparative Examples have water contact angles over 45°, and the flux was 
low. 

INDUSTRIAL APPLICABILITY 

As mentioned above, composite reverse osmosis membranes of the 

20 present invention have salt rejection and water permeabihty properties 
exceeding required levels. By using the composite reverse osmosis 
membrane, components such as salts can be sufficiently separated even at a 
low operation pressure. Because of the low pressures, water purification 
equipment can be composed of pipes made of inexpensive materials such as 

25 polyvinyl chloride, providing a cost reduction. Moreover, the composite 

reverse osmosis membrane of the present invention can be used for a domestic 
water piuification apparatus since it can be operated at city water level 
pressures. 
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